Objective: To determine normal values of plasma B type natriuretic peptide from infancy to adolescence using a commercially available rapid assay. Setting: Tertiary referral centre. Design: The study was cross sectional. Plasma BNP concentration was measured in 195 healthy infants, children, and adolescents from birth to 17.6 years using the triage BNP assay (a fluorescence immunoassay). Results: During the first week of life, the mean (SD) plasma concentration of BNP in newborn infants decreased significantly from 231.6 (197.5) to 48.4 (49.1) pg/ml (p = 0.001). In all subjects older than two weeks plasma BNP concentration was less than 32.7 pg/ml. There was no significant difference in mean plasma BNP measured in boys and girls younger than 10 years (8.3 (6.9) v 8.5 (7.5) pg/ml). In contrast, plasma concentration of BNP in girls aged 10 years or older was significantly higher than in boys of the same age group (12.1 (9.6) v 5.1 (3.5) pg/ml, p < 0.001). Plasma BNP concentrations were higher in pubertal than in prepubertal girls (14.4 (9.7) v 7.1 (6.6) pg/ml, p < 0.001) and were correlated with the Tanner stage (r = 0.41, p = 0.001). Conclusions: Plasma BNP concentrations in newborn infants are relatively high, vary greatly, and decrease rapidly during the first week of life. In children older than 2 weeks, the mean plasma concentration of BNP is lower than in adults. There is a sex related difference in the second decade of life, with higher BNP concentrations in girls. BNP concentrations in girls are related to pubertal stage. B type natriuretic peptide (brain natriuretic peptide; BNP) is a cardiac hormone with diuretic, natriuretic, and vasodilator properties.
B
type natriuretic peptide (brain natriuretic peptide; BNP) is a cardiac hormone with diuretic, natriuretic, and vasodilator properties. 1 This 32 amino acid polypeptide contains a 17 amino acid ring structure common to all natriuretic peptides and is secreted mainly in the ventricles in response to volume expansion and pressure load. [2] [3] [4] [5] Measurement of plasma B type natriuretic peptide concentrations is increasingly used to aid diagnosis, assess prognosis, and tailor treatment in adults with congestive heart failure. 6 Recent studies suggest that BNP may be useful in various other conditions, 7 such as hypertrophic cardiomyopathy, 8 left ventricular remodelling after myocardial infarction, 9 or arrhythmogenic right ventricular dysplasia. 10 The few data dealing with B type natriuretic peptide in children suggest that this peptide is also useful in paediatric patients. 11 However, investigations to examine the role of B type natriuretic peptide in paediatric cardiology are limited owing to a lack of normative data in children. Our aim in the present study was thus to evaluate normal values of plasma B type natriuretic peptide from infancy to adolescence, using a commercially available rapid assay.
METHODS
Venous samples were collected into tubes containing potassium ethylene diamine tetra-acetic acid (EDTA) and were stored at 4°C. BNP was measured within six hours of blood sampling, using the triage BNP assay (Biosite Diagnostics Inc, San Diego, California, USA), recently approved by the Food and Drug Administration (FDA). The triage BNP assay is a sandwich immunoassay consisting of a disposable device. After addition of 250 µl of whole blood to the sample port of the test device, the cells were separated from the plasma by a filter. The plasma entered a reaction chamber containing murine polyclonal fluorescence tagged BNP antibodies. Plasma and BNP antibodies formed a reaction mixture which was incubated for approximately two minutes. Capillary action caused migration of the reaction mixture through the diagnostic lane to a zone of immobilised murine monoclonal antibody against the ring structure of BNP, binding the BNP fluorescent antibody complex. The unbound fluorescent antibodies were washed away by the excess plasma fluid. The device was then placed in the triage meter, which quantified the fluorescence intensity of the BNP assay zone using an internal calibration curve. The assay was completed in about 15 minutes. Imprecision, analytical sensitivity, interferences, and stability have been described previously by others. 12 13 The total coefficient of variation was between 4.0-12.4%. The measurement range of the BNP assay is < 5.0-1300 ng/l.
Subjects
A total of 195 healthy infants, children, and adolescents (98 female, 97 male) from birth to 17.6 years of age were included in the study. They were admitted for minor operations (hernia repair, tonsillectomy, adenoidectomy, cleft lip or palate repair, orchiopexy), were outpatient attenders, or had a diagnostic work up done (for example, for short stature or headache). The subjects were in the supine position during blood sampling, which was typically done between 8:30 and 11:00 hours after 10 minutes of rest. In newborns, blood samples were taken after mature birth exclusively on the occasion of routine blood analysis for neonatal screening, measurement of serum bilirubin, or exclusion of neonatal infection. All subjects were free of acute illness (fever, infections, water and electrolyte imbalance, neoplastic disease, liver disease, renal disease). They had no history of heart disease, and the parents denied any history of serious disease. They were not on drug treatment, were not receiving intravenous infusions, and their diet was appropriate for their age. Physical examination and laboratory testing (for example, electrolytes, kidney function, blood count) were normal in all subjects.
Written informed consent was obtained from all parents before participation. The study was approved by the local ethics committee.
Statistics
Statistical analyses were done using SPSS 11.0 for Windows. Statistical differences between the age groups, pubertal stages, and the two sexes were evaluated using a rank score test for unpaired data (Mann-Whitney), with a probability value of p < 0.05 considered to be significant. BNP values followed log normal distributions, so correlation and regression analyses were done using natural log transformed BNP values to assess associations with age, body mass index, creatinine, creatinine clearance (univariate regression analyses), pubertal stage, and menarchal stage (Spearman rank correlation). Clinical data on the subjects older than two weeks are given in table 1. In all subjects older than two weeks (n = 152) BNP values were less than 32.7 pg/ml. There was a significant difference between the mean BNP concentrations in boys and girls (7.0 (5.9) v 10.1 (8.6) pg/ml, p = 0.015). Serum creatinine, creatinine clearance, and body mass index were not correlated with BNP (p = 0.88, 0.37, and 0.86). In boys, there was a trend of decreasing BNP concentrations (β = −0.10, p = 0.41). In contrast, plasma BNP in girls increased non-significantly with age (β = 0.08, p = 0.50). However, neither trend was significant.
RESULTS

Plasma
There was no difference in plasma BNP measured in boys (n = 43, 8.3 (6.9) pg/ml) and girls younger than 10 years (n = 42, 8.5 (7.5) pg/ml). The plasma concentration of BNP in girls aged 10 years or older (n = 36) was significantly higher than in boys of the same age group (n = 31; 12.1 (9.6) v 5.1 (3.5) pg/ml) (p < 0.001) (fig 2) . The 95th centile of plasma BNP concentration was 24.5 pg/ml in boys and girls younger than 10 years, and 30.4 pg/ml in girls v 12.1 pg/ml in boys aged > 10 years.
Plasma BNP concentrations measured in prepubertal girls (7.1 (6.6) pg/ml, Tanner stage 1, n = 38) were significantly lower (p < 0.001) than in pubertal or mature girls (14.4 (9.7) pg/ml, Tanner stage 2-5, n = 31) (fig 2) . The BNP plasma concentration was correlated with the Tanner stage (r = 0.41, Figure 1 Plasma concentration of BNP according to age (A) in newborn infants from the first to the 14th day of life, and (B) in infants older than two weeks, children, and adolescents. Open circles, boys; grey circles, girls. 
) pg/ml, n = 13) was not significant (p = 0.16). There was no correlation of BNP with the Tanner stage in boys (r = −0.18, p = 0.19) and no significant difference between BNP in prepubertal boys (7.4 (6.5) pg/ml, n = 45) and pubertal boys (4.5 (3.7) pg/ml, n = 13) (p = 0.15).
DISCUSSION
The results of our investigations suggest that normal plasma BNP concentrations are lower in children than in adults. Dao and colleagues reported normal values of 38 (4) pg/ml in 139 adults using the triage BNP test system. 13 Recently, Wang and colleagues reported considerably lower reference limits derived from a large group of 911 healthy adults using a radioimmunoassay.
14 However, even these reference values were 1.1-to 1.4-fold higher than our normal values.
14 In addition, the latter study showed that a 10 year increase in age was associated with a 1.4-fold increase in BNP concentrations. Serum creatinine, however, was not associated with higher BNP concentrations.
14 Accordingly, the 95th and 97.5th centiles of normal BNP values in adults aged 20-49 years were slightly higher than the corresponding values in our study.
Our data are in line with the very few published reports dealing with BNP values in healthy children. Kawamura and colleagues reported BNP concentrations measured by radioimmunoassay in 26 patients with viral infections aged 2 months to 10 years. 15 The mean BNP concentration was 6.8 (7.3) pg/ml, and the maximum value was 32.7 pg/ml. Yoshibayashi and colleagues investigated plasma BNP by radioimmunoassay in a smaller group of 18 neonates and 40 children aged 1 month to 16 years. 16 The BNP concentration in nine neonates on the day of birth was significantly higher, at 196 (176) pg/ml, than in the umbilical vein or in the older age groups. The values in six infants aged about four months were at the adult concentration (9.3 (4.8) pg/ml). 16 We also observed a striking decrease in mean plasma BNP during the first days of life. Similar significant changes during the first few days have been described in atrial natriuretic peptide (ANP), renin concentration, plasma renin activity, concentrations of aldosterone, and other steroids. [17] [18] [19] [20] Maturation of the kidney and the haemodynamic changes at birth, with an increase both in systemic vascular resistance because of the removal of the very low resistance placenta, and in pulmonary blood flow as a result of lung expansion may contribute to these findings. The perinatal circulatory changes lead to an increase in left ventricular volume and pressure load. This may stimulate BNP synthesis and secretion in the ventricle and result in the rise in plasma BNP concentrations shortly after birth. In preterm infants, plasma BNP was shown to increase with the size of the shunt through a patent ductus arteriosus. 21 In addition, the haemodynamic changes accompanied by a decrease in the ductal shunt were reflected by falling BNP concentrations. 21 However, closure of the ductus arteriosus cannot alone be responsible for the fall in BNP, as the concentrations also fell in some infants who had increased shunting. 21 The exact mechanisms of these neonatal phenomena are still unclear.
Our data clearly show a sex related difference in the second decade of life. BNP concentrations have been reported recently to be higher in adult women than men, using both radioimmunoassay and fluorescence immunoassay. 14 22 Women also had notably higher ANP concentrations. 23 There are corresponding striking differences between the sexes in the complementary renin-angiotensin-aldosterone systems, with higher plasma renin concentrations in men. 24 The physiological role of these sex related differences is still not resolved.
The finding that sexual dimorphism occurs in the second but not in the first decade of life suggests a close relation with gonadal hormone concentrations. A stimulatory effect of female sex hormones on natriuretic peptide gene expression has been proposed. 25 In one study, the BNP concentration was found to be increased in women on hormone replacement therapy. 22 Others, however, could not find any effect of menopausal status, 14 and no cyclical variation of natriuretic peptides during menstrual cycle has been observed. 23 Both findings argue against a direct interaction between oestrogen or progesterone and natriuretic peptide. Another explanation could be an increased metabolic clearance of natriuretic peptides by neutral endopeptidase in men. 23 Other endopeptidases such as angiotensin converting enzyme have been shown to be under androgenic control. 26 We found a strong positive correlation between plasma BNP concentrations and increasing Tanner stage in girls. Pubertal development in girls is associated with increasing oestrogen concentrations but not progesterone concentrations. On the other hand, there was a decrease in plasma BNP in boys during puberty. However, the number of pubertal boys was small and the difference was not significant. Thus, although a decrease in plasma BNP caused by testosterone is possible, it cannot be confirmed by our data. Our findings suggest that oestrogen accounts for the observed differences between the sexes.
Because it allows rapid and accurate measurements, the triage test system makes possible the widespread clinical use of BNP determinations. Several investigators have reported close correlations between BNP measurements made by radioimmunoassay and by fluorescence immunoassay, but there is a proportional bias, with higher results for the fluorescence assay. 12 27 Thus the type of assay used should be taken into account in assessing the results of BNP studies.
Limitations
Some limitations of our study need to be considered. Although this investigation is the largest study in paediatric patients, the groups are too small to determine reference values for all age groups and both sexes. To interpret the great variation and the dramatic decrease in plasma BNP concentrations in the first days of life, haemodynamic data such as data on left ventricular function or patency of the ductus arteriosus would be necessary. However, blood samples were taken exclusively on occasions of routine blood analyses, and no echocardiography was done in the newborn infants. In addition, standardisation of performance characteristics (for example, control of physical activity, 30 minutes of rest in the supine position) is limited in children. On the other hand, it has recently been shown that BNP concentrations remain stable during exercise, 28 and from our own experience plasma BNP values in children who have been in the supine position for 30-60 minutes after sedation are in the same range as the samples from the current study (data not shown). However, in previous studies pronounced differences in the performance characteristics of the available BNP assays have caused widely varying reports of normal values and discrimination limits in adults. 29 This may also be the case in children. Further studies are needed to clarify these questions.
Conclusions
We have shown age and sex specific trends in normal values of plasma B type natriuretic peptide from infancy to adolescence using a commercially available rapid assay. Plasma BNP concentrations in newborn infants are relatively high, vary greatly, and decrease rapidly during the first week of life. In children older than two weeks, the mean plasma concentration of BNP is lower than in adults. There is a sex related difference in the second decade of life, with higher BNP concentrations in girls. The plasma BNP concentration in girls was correlated with the pubertal stage and was significantly higher in pubertal than in prepubertal girls. Our data indicate the need for age and sex specific normal ranges of BNP in children, as has been shown previously in adults.
